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I . - -On the Struchtre of the Echinoderms. 
By JOHANNES Mf3LL]~I¢~'. 

[With a Plate.] 

]IN addition to their radial form and division, the Echinoderms 
are essentially characterized by the calcification of their perisoma 
and of many internal parts, by their peculiar metamorphoses, 
and especially by their ambulacral organs, feet or suckers, which 
may be distended by means of a peculiar system of internally 
ciliated canals. 

The larvae of the Echinoderms are bilaterally symmetrical, 
and present no trace of a radial arrangement ; when impelled by 
their cilia, it is always one end which is directed forwards. The 
radial arrangement is met with only in the adult Echinoderm 
forms, and even they always present more ol- less obvious traces 
of a bilateral symmetry. In those Holothurio~ which creep upon 
an c ambulatory region ' (Sohle) and in the irregular Echini&e, 
the bilaterality is at once obvious. But all Echinoderms do not 
constantly creep on the same surface, or in othet" words, possess 

* Read before the l~oyM Academy of Sciences of Berlin, May 26, 1853. 
Translated and communicated by Thomas Huxley, F.R.S. 

Ann. ~ Mag. N. ffist. Ser. 2. Vol. xiii. 1 
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Prof. J. Miiller on the Structure of the Echinoderms. 

an ambulatory region ; many Holothurice having nothing of the 
kind. The ambulatory region, or the surface tin'ned towards the 
ground, sometimes includes an equal portion of all the radii or 
ambulacra, so that the mouth, which is situated in the midst of 
them, occupies its centre, as in the regular Echini and in the 
Asleridce, or the mouth is placed at the end, and the ambulatory 
region, as in those ttolothuria&e which possess one, is not con- 
stituted by all the radii, but is formed by only three out of 
the five ambulaera. The abdominal and dorsal surfaces there- 
fore are not constant in relation to the radial form. The inquiry 
into the bilateral symmetry of a radial form becomes, partly from 
this reason and partly from the predominating radial symmetry 
of the regular forms, exceedingly complicated, and it is even 
neeessary to avail ourselves of the instinct manifested by the 
Echinoderms in their movements. 

All the forms provided with one, exhibit the most d~stinct in- 
~tinetive impulse to direct the ambulatory region, however con- 
stituted, whether the mouth be placed in its centre or at one end, 
towards the ground, and if laid upon their backs they endeavour 
to turn round as an insect would do under like circumstances. 
Even the radiated rudiment of the Echinoderm, in the larva, 
behaves in this way as soon as the first ambulacral feet have 
made their appearance. The primitive rudiment of the Echinus 
or of the Starfish, dragging its larval framework about with it, 
opposes by the movement of its suckers every position in which 
they are not directed towards the containing glass, and thus 
endeavours to reinstate itself in its natural ambulatory posture. 

I t  is undoubtedly no part of the instinctive tendencies of the 
animal to turn its ambulatory or abdominal side in accordance 
with gravitation: for insects run upon the under side of fixed 
surfaces when they are able to adhere to them, and the Echinidae 
creep actively up perpendicular surfaces by the aid of their 
suckers ; the instinct of these animals, it may rather be said, di- 
rects them to turn the ambulatory portion of their ambulacra to 
whatever firm supports present themselves. 

The regttlar forms, whose ambulatory region includes equal 
portions of all the radii and whose mouth lies in its centre, as 
the regular Echinidab the Astericke, and Ophiurid~e, do not creep 
in anyparticuiar direction, with one radius constantly anterior, 
but it is sometimes one, sometimes the other radius or inter- 
radius which is directed forwards as the animal progresses. 
What Tiedemann says about the Asterid~e holds equally good of 
the Ophiuridae and 2Nchinidce. These animals move exactly as if 
they were not aware of any difference between back and front, 
although they distinguish the ventral from the dorsal sides in 
the most marked manner. The very young Holothuria with 
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Prof. J. Miiller on the Struch~re of the Echinoderms. 8 

five suckers round its mouth, but without any upon its body, 
does not creep upon its future ambulatory region, but acts ex- 
actly as if the oral suckers constituted that region ; taking the 
position of an Echinus with its mouth directed downwards and 
its body upwards, it adheres by the oral suckers and stretches 
them about in various directions. When, however, the first 
ventral sucker emerges at the posterior extremity of the body, 
immediate use is made of it, as if it at once belonged to the am- 
bulatory region and availing itself, sometimes of the oral, some- 
times of the lateral sucker for adhesion, and as fixed points 
whence to stretch itself, the young animal folans a sort of trans- 
ition towards a Holothuria with an ambulatory region. In this 
condition also we see that the young Holothuria does not creep in 
any particular direction ; on the other hand, feeling about on the 
glass~ it moves hither and thither indiscriminately. I have not 
yet seen the adult Holottturia&e with ambulatory regions creep- 
ing head foremost ; I have no doubt however that they do, as 
they are completely adapted for this mode of progression. The 
extant information upon this point is obscure ; they have been 
seen creeping, but it is not stated in what direction. Johnston 
says of Thyone papillosa (Forbes's British Starfishes, p. 236), 
that it has a slow progressive motion, more gradual than that of 
the shadow on a sun-dial, affected by the suckers being elongated 
and fixed to some spot, and then contracting so as to drag the 
body forwards ~ the suckers, however, are said to be used more 
frequently as anchors than as feet, since these animals are slug- 
gish and indolent in disposition. The Synapt~e do not move in 
any particular direction, but simply twist and wind about, unless 
they are upon a sandy bottom ; thus placed however in vessels 
of water, Quatrefages has seen them bury themselves in the sand 
with their oral tentacles. 

The elongated Sea-urchins occupy an important position in 
this inquiry. In the Spatanyi&e the ambulatory region consists 
of segments of all the five ambulacra, but the mouth is situated 
nearer the one extremity of the ventral surface and the anus at the 
other, between two radii and opposite to the azygos radius, which 
has thence been called the anterior radius ; in fact, as its suckers 
are more particularly made use of in locomotion, it would really 
seem to deserve this name. Accordingly it has been sought for 
also in the regular forms, in which the anus either lies in the con. 
tre of the dorsal surface (regular Echini&e and most Asteri&e), 
or as in other Asterid~ is wholly absent. That the position of the 
madreporie plate does not determine the posterior extremity was 
rendered evident by the circumstance that in many elongated 
Echinidae it is lateral, while in others it is an expansion of the 

1" 
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4 Prof. J. Miiller on the Structure of the Echinoderms, 

right anterior genital plate towards the centre (Anat. Studien 
fiber die Ech~aodermen, Archly 1850). 

Among the regular Echinidce the elongated forms of the 
Echinometrce are particularly interesting. 

In Echinometra acufera the anus is approximated to one, the 
longest radius, so that the antero-posterior diameter is the 
longest. I f  the azygos middle radius of an Echinomeh'a be 
placed in front, the madreporic plate will constantly be found to 
lie laterally and to be the left posterior genital plate. In this 
position the radii and inter-radii of Echinometra are perfectly 
symmetrical, and it is the only position in which they are so. 
In the genera Heterocentrotus, Br. (Acrocladia, Ag.), and Colo- 
boceiztrotus*, Br: (Podophora, Ag.), which have been separated 

f rom Echinometra, the body is only symmetrical when placed 
transversely,' as was observed by Brandt in the first-named genus, 
and expressed by him in the phrase ' corpus transversum', but over- 
16oked by Agassiz, who regards their forms as oblique, in com- 
mon with Echinomeh'a. The proper position of these shells i s - -  
with the greatest diameter of the shell transversely, the smallest 
longitudinally, and the smallest radius anteriorly ; thus placed, 
the madreporie plate in tIeterocentrus trigonarius, mammillatus, 
and in Colobocentrus atratus, is the right anterior genital plate. 
Among twenty-four specimens of Colobocentrus atratus, twenty- 
three had the madreporie plate thus situated ; one however had 
this plate in the left posterior inter-radius. Such variations de- 
pend upon whether the Echinus-dise with its madreporic canal 
is formed on the right or on the left side of the larval fl'ame- 
work--deviations which, as my figures o~ Echinus-larv~e from 
Iielgoland show, have already been observed. 

In Eehinometra the transverse symmetry occurs rarely as an 
anomaly ; among a great number of Echi;tometrce (about eighty 
specimens, including all the known species) only four transversely 
symmetrical specimens were met with. Among fifteen examples 
of Echinometra acufera, 1~1., from the same locality (Venezuela), 
there was one ; among six of E. oblonga, BI., one also was trans- 
versely symmetrical, i. e. one had the azygos radius shortest ; 
in the others, the azygos radius was the longest of the five. 

The division of the EcJtinometrce into genera rejected by Sou- 
leyet (Bonite) is hence shown to be natural. 

In the Spotangid~e of the present epoch the madreporie plate 
is commonly situated at the posterior extremity of the apex, but 
even in this case its position is problematical; I have already 

* It may be preferable to shorten these names into Iteterocentrus and 
Colobocentr~s, 
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Prof. J. Miiller on l]te ~S'lructure of l]~e Echinoderms. 5 

remarked, that its perforated area (Porenfeld) in Schizaster ca. 
~aliferus extends from tile right genitaI plate and from the im- 
mediate neighbourhood of the right genital pore. A short time 
ago I had occasion to demonstrate this by internal dissection. 
The canal which passes from the madreporie plate to the circular 
canal of the ambulaeral vessels, the analogue of the sand-canal 
of the Asteria&o, is inserted in fact, in Schizaster canaliferus, into 
the circular canal between the right anterior and right posterior 
ambnlaeral canals, corresponding therefore with the right poste- 
rior inter-radius. In the Clypeasters the posterior extremity is 
also determined by the position of the anus i but in this divi- 
sion of the Sea-urchins the madreporie plate, on the other hand, 
lies exactly in the centre between the genital apertures, which 
are not ean'ied by special plates. Singularly enough, however, in 
this ease, the canal which passes from the madreporie plate to 
the circular canal, as well as the short thick heart which lies 
close to it, is so disposed, that its position corresponds, not with 
that of the anal inter-radius, but with that of the right posterior 
inter-radius. Prom all this it tbllows, that the anus as well as 
the madreporie plate may be inter-radial; that sometimes the 
one and sometimes the other may pass out of its inter-radial 
space into the centre; that the inter-radius of the madreporic 
plate may be distinct from that of the anus i that the ma& eporie 
plate, even when it lies between the genital pores or at the pos- 
terior extremity of the apex, may be reduced to a lateral genital 
plate; and that it is united, not with the posterior part of the 
circular canal, but with a lateral part of it by means of the 
' sand-canal ;' finally, that no one of the five inter-radii is inva- 
riably that of the madreporie plate, but that this may be seated 
in the most widely different inter-radii, sonietimes on the right 
and sometimes on the left side. 

We may now compare the azygos radius in those Echinoderms 
in which it is easily determinable, as in Echini and Holothuri~e, 
and it at once appears that art anterior radius corresponding 
with that of the Spatanyi&e cannot universally exist in the 
Eehinodermata. In the Holotl~uria&e with an anlbulatory disc, 
the anterior and posterior extremities and the bilateral sym- 
metry also are indisputable. The azygos radius, however, is 
here directed, not from the month upwards and forwards, so 
as to lie in front of and above it, as in the S1oatanyi&e , but 
takes exactly the opposite direction~from the mouth backwards 
and downwards~artd lies beneath and behind the mouth ; the 
azygos radius is here the ~niddle ventral radius and the ambu- 
latory disc is formed by three radii, while on the dorsmn there 
are only two. 

Whether now is the true ventral surface, that of the Spa- 
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6 Prof. J. Miiller on the St~'ucture of lhe Echinoderms. 

tangi&e or of the ~chinidce, or that of the Holothuriadee ? 1 
imagine no one will be disposed to get rid of this diffieulty by 
supposing that the Hololhuria&e are exceptions and creep upon 
their baeks. Let us conceive the typical form (Mittelfol'm) of 
the Echinoderms to be a sphere with radial arem, the question 
is, whether this typical form passes from that of the S2atangus 
into that of the Holothuria, by the body being rotated in the 
plane of its middle longitudinal section, so that from resting 
upon the inferior inter-radius it comes to lie upon the opposite 
radius; or, whether this change is effected by the rotation of 
the typical form round the axis of the radii, so as to bring the 
globe from its position with an inter-radius inferior into that 
with a radius inferior. In the former case, the conju ate sides 
and the anal inter-radius remain constant, but the denomina- 
tions of the conjugate sides as regards right and left become 
changed with the rotation in the longitudinal plane. In the 
latter case, the conjugate sides and the position of the anus would 
shift, but the anterior and posterior ends would remain constant, 
different radii and inter-radii becoming developed into the am- 
bulatory disc, and the anal inter-radius undergoing a corre- 
sponding alteration. 

I f  any such thing as a homology of the :Echinoderms exists~ 
it can only be sought for in the former of these hypotheses. 
By rotation round its axis the position of the Spatangus may 
indeed approximatively be converted into that of the Holothuria, 
but not wholly; for even then to correct this position, and at the 
same time to change a S2atanffus into an Echinus, the rotation 
in the opposite direction round a transverse axis, or in the lon- 
gitudinal plane between the conjugate sides, would still be 
required. 

If, therefore, we seek an ideal middle term among the various 
actual forms of Echinoderms, this typical form will be found to 
possess no constant anterior and posterior extremities ; it has the 
mouth in the one pole of the ambulacra, but in passing into the 
various forms of Echinoderms, it may turn sometimes one side 
of its radial body forwards, sometimes exactly the opposite. 
These anteriorly directed sides are, however, determinate in all 
cases ; they are invariably cut by the same constant meridian of 
the radial form; i. e. the longitudinal plane of separation between 
the symmetrical halves of the ideal typical form is in all cases 
constant. 

Those terms are best which are derived from the intrinsic pe- 
culiarities of a form and not from positions, which it may alter. 
On the former principle we may bring the ambulacra of the 
5-partite Echinoderms under two classes, the one of which con- 
tains three, the other two ambulacra ; we thus obtain a triradial 
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ProL J. Miiller on the Structure of the Echinoderms. 7 

and a biradial segment, a lrivium and a bivium. In the Sea- 
urchins of the genus Dysaste~. trivim:: and bivium are actually 
separated by a wide interspace; but in most quinquepartite 
Echinoderms they may be discovered and the position of the 
radii thence determined. Between the two radii of the bivium 
lies the anus, or it moves away from the mouth to the apical 
pole, and even beyond it, to the opposite azygos radius. 

I f  the azygos radius be unknown, it may be determined by 
the meridian of the anus, which in Cidaris and Ec]dnus is ap- 
proximated to one of the five ambulacra. If  the azygos radius 
be known, but the anus central, as in the Holothuria&e with am- 
bulatory regions, the meridian of the anus may be determined 
from the azygos radius of the elongated form. 

We may lay down then, upon the ideal spherical Echinoderm, 
the oral and apical pole i a triradial segment and a biradial seg- 
ment, with the anal area. I f  the ambulacral arem of this Echi- 
noderm are equally developed in all directions, it will become an 
Echinus with its mouth directed downwards. The sphere is as 
it were in equilibrium in this position ; it is, however, traversed 
by an ideal plane which passes through the meridian of the 
azygos radius. I f  it be rotated, within this plane, out of its 
position of equilibrium, in such a manner that the bivium occu- 
pies more of the ventral surface than the trivium, we have the 
position of the Spalangi&e. I f  within the plane, the globe ro- 
tate in the opposite direction, so that the trivium alone occupies 
the ventral surface, the result is the position of the Holothuriad~e. 
In this ideal globular model of the quinquepartite Echinoderm 
we have then the following points fixed, and good for all pos- 
sible eases, viz. the oral and apical poles and their axis i the con- 
trasted trivium and bivium ; the longitudinal plane passing 
through the meridian of both, and dividing the Echinoderm 
into two equal parts ; and finally, the anal area. In the creeping 
Echinoderms the oral pole may be directed downwards or for- 
wards, the apical pole upwards or backwards i the trivium, with 
its azygos radius, may sometimes be presented forwards, some- 
times downwards i the bivimn, with its azygos inter-radius, 
sometimes backwards, sometimes upwards ; the anus downwards 
and backwards, upwards and backwards, or upwards. 

The radial segments of the Echinoderm have an oralpole, and 
opposed to this an apicalpole. The mouth, surrounded by the 
circular canal of the ambulaera, lies in general in the centre of 
the oral region, rarely on one side of it. The surface between 
the poles may be divided into ambulacral and interambulacral 
segments. By the extension of the former in breadth, the latter 
may entirely disappear, as in the Holothurix sporadipodes. In 
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8 Prof. J. Miiller on the Struch~re of the Echinoderms. 

the Holothuri~e the ambuIacra pass from the mouth to the oppo * 
site extremity; when they eease before attaining this extremity~ 
there is formed, opposite to the ambulaeral zone, an antambu- 
lacral zone, e. g. the apex of the Sea-urchins~ which is continuous 
with the inter-ambnlaeral area~. 

If, like the Asteridce, au Echinoderm has radial arms, the 
antambutaeral area is continued, as well upon the antambulacra,] 
side of the arms, as between them into the inter-ambulaeral are~eo 
I t  is not uncommon, as in many zlsteridce, for the inter-ambu- 
taeral Fart of the perisoma to be distinguished from the antam~ 
bulaeral are~ by the character of its plates---the in~er-ambulaera.} 
plates. The boundary between the inter-ambulaeral and antam~ 
bulaeral arose is at times indicated by a peripheral margin, or 
even by special marginal plates, such as the marginal plates of 
the pentagonal Astroyonium and Goniodiscus, betwee~ the ventral 
and dorsal surfaces, which also lie between the ambulaeral and 
antambulaeral zones. In  the Asteridce and many Crinoids, the 
ambulacral or ventral and the antambulaeral or dorsal, sides are 
about equally developed. Arms are free radii with an ambu- 
laeral and antambulaerat side, and are either simple or divided.. 
1)ivisions produced by processes o1" inseetions of the periphery 
of the Echinoderm are lobes, if they present no distinction of an 
ambulaeral and antambulaeral side, such as the lobes of a few 
flat Sea-urchins, Runa, Rotula, Eneope. There exist ambulaerat 
and inter-ambutaeral lobes (Runa). Ambulaeral lobes are ambu- 
laeral upon both sides and may be subdivided (Rotula). Segmen- 
tation of the margin and the formation of lobes, therefore, do 
not approximate the sea-urchin to the star-fish. I f  the antam- 
bulaeral area of the Echinoderm grow up  close to the mouth, 
arms for the ambulaera may still be developed in its neighbour- 
hood, as in Ayeloerinus, Pseudoeriniles, and as in the oral arms 
of the calyx of Echinoencrinus and Echinosphcerites discovered 
by Volborth. The existence of ambulaeral pores upon the ant- 
ambulaeral area, on the opposite side of the arms, is self-contra- 
dictory ; and it would appear that wherever arms are developed, 
whether at the circumference or at the oral part of the calyx, 
no ambulaeral pores nor suckers can exist in the region which 
extends from the apical end to the arms. 

The development of the ambulacra, as it is here set forth, 
renders i t  probable, therefore, that the pores in the plates of the 
calyx of Caryocrinus, Hernieosmites and Eehinosph~erites cannot 
possibly be ambulaeral pores, inasmuch as they are situated in 
the antambulacral region and behind the arms, to which they 
have no relation whatsoever. Pentaerinus contributes analogi- 
tally to this view, as it possesses similar pores in the inter- 
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Prof. J. Miiller on the Strudt,re of the Echinoderms. 9 

ambulaeral area~, without suckers or any relation to the ambu- 
lacral grooves of the calyx, the suckers being situated in the 
ambulaeral grooves of the calyx and of the arms. 

I shall return to the antambulaeral pores of the calyx of 
Caryocrinus, Hemicosmites, and Echi~osphceriles, in a particular 
section devoted to the ambulaera of the Crinoids in general, and 
especially the group of @stidea of Von Bueh. 

In an Echinoderm which remains autambulaeral close up to 
the mouth, and developes arms only from the oral part of the 
calyx, we have at its maximmn that condition which in the 
Eehinidce is at its minimum. To borrow the phraseology of the 

Natur-philosophie,' we may say that the calyx of a Pseudo- 
crinites, dyelocrinites, Nchinosphcerites, Echinoe~erinus, is the 
apex of an Echinus ; it is, however, an expansion of the apex 
large enough to enclose thewhole intestines of the animal, while 
in the Echinus these are invested for the most part by the ambu- 
laeral zone of the perisoma. 

The region of the ambulaera may be reduced to a circlet of 
suckers about the mouth, as in the Synaplce, Chiridotce, Mol- 
padice, among the Holothuriadce. In the last instance, the antam- 
bulaeral area is only so large externally~ Jiiger having demon- 
strated that the ambulaeral canals of the Synaptae have as wide 
a distribution internally as those of the other Holothurice. 

Although the ambulaera converge towards the oral pole, yet 
they are not in all eases provided with suckers up to the middle 
of the oral surface. In Echinus, for example, the ambulaera are 
interrupted around the oral area; and in many Crinoids, also, 
the oral area between the ambulaeral sides of the arms, instead 
of presenting a continuation of the ambulaeral grooves to the 
mouth, is covered uniformly with plates, as in Actinocrinus. 

To the ambulacral system of canals, taken in its widest sense, 
belong, together with the suckers, the ambulaeral canals of the 
radii, with their branches to the suckers and their ampull~e,--the 
circular canal which unites the five mnbulaeral canals around the 
mouth and a few appendages connected with it. The system of 
ambulaeral canals exhibits ciliary motion over the whole extent 
of its internal walls and is everywhere closed, if we except the 
porous commencement of the staid-canal in the madreporie plate. 
This canal, extending from the madreporic plate to the circular 
canal, has now been observed in all forms of Echinoderms, with 
the exception of the Crinoids. Its porous commencement either 
opens externally as a madreporie plate in the Asteri&e, Euryalce, 
Echinidce ; or is turned towards the abdominal cavity, as the 
porous calcareous sac of the Holothuriadce, which possesses an 
external aperture only in the young state. In the Ophiurid~e, 
also, the calcareous sac is hidden in the cavity of the body. 
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10 ProL J. Miiller on the Structure of the Echinoderms. 

These peculiarities have already been explained in the ' Anato- 
mische Studien.' Besides the one or many sand-canals, there 
are two other descriptions of organs united with the circular 
canal of the Echinoderms,--the ' Potian vesicles ' and the ' race- 
mose appendages.' Both these organs occur contemporaneously 
in the Asteri&e (as is well known from Tiedemann's investiga- 
tions) and reappear in the Holothuriada~. In the latter the 
racemose appendages are recognizable as little vesicles, which 
are connected in pairs, by short stalks, with the circular canal 
of young Holothuri~e, and contain very peculiar double granules 
in constant tremulous motion, just like that of the otolithes of 
the Gasteropoda. In the adult Holothurice these organs are 
recognizable in the multitudinous small vesicles which beset the 
circular canal.and open into its interior. The Ophiuridce possess 
four simple vesicles and no racemes. In the Spatangida~ the 
appendages are absent upon the circular canal. In the regular- 
Sea-urchins five stalked vesicles are connected with this canal ; 
they have the same position as the Polian vesicles of the Ophiu- 
ridge, but their wails are cellular, and therefore allied to the 
racemose appendages. In the Clypeasteridce only, however, is 
the circular canal provided with many such appendages. 

Analysis of the Ambulacra of the Sea-urchins. 

After having expounded the anatomy of the central portion of 
the ambulaeral canals in the 'Anatomisehe Studien fiber die 
Eehinodermcn' (Arehiv 1850), I set before myself the task of 
analysing the ambulaera themselves. 

The double pores of the ambulaera lie, in the Sea-urchins, 
either in the plates themselves or in their sutures; the latter 
occurring in the petaloid mnbulaera of the Clypeasteridce. In 
this case, either the ambulacral plates are similar, as in the peta- 
loid ambulacra of Scutella, Zaganum, Echinarachnius, Lobophora, 
Mellita) Encope, Echinocyamus ; or alternately dissimilar, as in 
Clypeaster and Arachnoides; the smaller plates pass, in these) 
only from the external to the internal pore, the larger extend from 
the external pore to the internal suture. Upon this point Des- 
moulins has already made some good observations. At the lower 
extremity of the petaloid ambulacra, for the rest, the double 
pores readily pass from the sutures on to the plates themselves. 

I)esmoulins has thrown out the supposition, that originally 
there is a special ambulaeral plate for every double pore of the 
Sea-urchins. In the Clypeasteridx, a number of pores corre- 
sponding with locomotive feet occur on a single plate, and they 
multiply in proportion to the growth of the plate ; but in all 
other Sea-urchins, this hypothesis would appear to hold good. 
The composition of the ambulacral plates in Echinus has hitherto 
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Prof. 3. Miiller on the Structure of the Echinoderms. 11 

remained unknown. In the shell of an Echinus, the so-called 
ambulacral plates are nothing but secondary ambulacral plates 
made up of the minute primary ambulacral plates. We may 
observe on the inner side of the shell the sutures between the 
primitive plates, which contribute to the formation of a secondary 
ambulacral plate. The primary plates correspond in number 
with the pairs of pores in one oblique transverse series of the 
ambulacrum. The sutures are also recognizable upon the ex- 
terior, and by careful examination we observe, that they divide 
even the tubercles situated upon them, as may be well observed 
in E. sTh~ra. Where there are four pairs of pores in a second- 
ary ambulacral plate, the four pieces have very unequal hori- 
zontal diameters, the two median ones, in fact, being smaller 
transversely ; all four pieces extend as far as the external suture, 
but only the first and the last attain the inner suture, applying 
themselves around the ends of the shorter pieces in such a 
manner, that the secondary anabulacral platd is divided inter- 
nally by only one suture. The same suture exists when there 
are three pairs of pores. Here, again, it is the plate of the 
median pair of pores which does not reach the inner edge. In 
E. albus, 9-10 primary plates for 9-10 pairs of pores form in a 
similar way a secondary plate. The smaller plates are not sub- 
sequent to and intercalated between, the larger, but are found 
in the smallest specimens in which the plate is developed at all; 
so that a young Sea-urchin has just as many pairs of pores in 
an obliquely transverse series as afterwards, according to the 
species to which it belongs. 

Agassiz has demonstrated, that in Echinus the addition of new 
ambulacral and inter-ambulacral plates takes place at the apical 
end of the corona, but denies the occm'rence of such new forma- 
tions in the Clypeasterid~e. The fact is, however, that it occurs 
here in exactly the same manner as in the regular Sea-urchins. 
The whole under surface of the Clypeasterid~e grows, retaining 
the original number of its plates, only by their individual increase; 
whilst the plates of the upper surface not only increase indivi- 
dually, but at the same time fresh, minute, ambulacral and inter- 
ambulacral plates are added at the apex. This must be borne 
in mind in describing species, and the number of the plates 
should be reckoned from the end of the petaloid ambulacrum to 
the edge, and also from the edge to the mouth: 

Philippi, again, who confirmed and extended the observation 
that new plates are formed at the apical end of the corona in 
Echinus, denies that the same new development takes place in 
the Spatangid~e ; but it unquestionably occurs, from what I have 
observed, in Schizaster canaliferus, at different ages. I have com- 
pared specimens of 8 "~, of 2"~ and of 3 n. The first has in each 
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12 Prof. J. Miiller on t/~e Structure of t£e Echinoderms. 

petaloid ambulacrum of the anterior pair only 28 ; the second 40 ; 
the third, 44 pairs of pores : in each ambulacrum of the posterior 
pair the first has only 14, the second 21, the third 25 pairs of 
pores on each side. 

The Clypeasteri&e have, while the Cidaridce have not, a per- 
manent equatorial periphery. I f  an old and a young Echinus 
of the same species be compared, those plates which in the 
young specimen lay in the equator of the periphery, have in the 
older ones moved towards its ventral side ; and the equator is 
occupied by a circlet of plates which in youth lay near the apex. 

I f  the shell of the Sea-urchin terminate at some distance fi'om 
the mouth and the oral feet are seated upon the oral integu- 
ment, both the inter-ambulacral and the ambulacral plates ter- 
minate in pairs, as in Echinus. If, however, the shell is con- 
tinuous up to the mouth and the oral feet are situated upon the 
shell itself, then the ambulacral plates terminate in pairs, while 
the inter-ambulacrals are single, as in the Spatanjidce and Cly- 
peasteridce. At the oral aperture in the ClypeasleH&e the corona 
becomes, it is true, considerably simplified, but not so much as 
is commonly supposed ; in the end we have either a circlet of 
fifteen pieces, five of which are inter-ambulacral (Clype,sier, 
Mellita), or ten ambulacral pieces (Arachnoides). It  is requisite 
to examine young specimens, though the sutures may always be 
recognized upon the inner surface. In Clypeaster, the first 
circlet around the mouth is composed of fifteen pieces, the second, 
on the other hand, only of ten, - - the  ambulacral plates becoraing 
mutually applied, which is a generic character for all the species : 
in a few species the third circle also is completely formed by the 
ambulacral plates ; further out, two alternating series of inter- 
ambnlacral plates lie between them. 

At the oral aperture of the shell of the Clypeasteri&e with 
branched clefts, there is a small process at the commencement of 
each ambulacrum, noticed, in fact, by Agassiz in his beautiful 
monograph upon the Scutellid¢, and regarded by him as a tube 
with one or many apertures for the reception of the gills. Upon 
this process, however, only two small tentaculiform processes 
with rounded ends like the feet are attached. These little ten- 
tacles are fixed to two shallow depressions of the process, from 
each of which a fine pore, similar to au ambulacral pore, leads 
obliquely into the interior of the shell. In drach~wides placenta 
the process is absent, but the apertures exist at the edge of the 
shell, separated by the width of the groove. To these apertures 
the two anterior branches of the ambulacral vessel run, whence 
it is perfectly demonstrated that they are ambulacral and not 
branchial, and that they correspond with the oral feet of the 
regular Sea-urchins. The gills of Echinus are replaced in all 
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Pro~ ~. 3. h[iil]er on Lhe Str¢~c~¢~re of tl~e Echinoderms. 13 

the Sea-urchins with petaloid ambnlacra, as well Spatangid~e as 
Clype~lsteridce , by the ambulacral gills of the petaloid ambulacra ; 
however, the ~S)mtanghl~e have well-developed oral tentacles. 

In the regular Sea-urchins of the genera Eehinus, Eehino- 
metra, Sahnacis, and others, all the feet, including those of 
the oral disc, have a similar structm'e, being" suckers with a 
sucking disc ; but this is not the case with every regular Sea- 
urchin ; they are not all, to use D uvernoy's term, homoiopodous. 
Delle Chiaje, indeed, has already stated that the dorsal feet of 
Ec]dnus neapolitanus (Ec]dnocidaris ~quitubercu[ata) are pecti- 
nated, though his figure does not give a correct representation 
of them. The fact is, that all the Ec]dnocidarides present this 
peculiarity. The lower feet have a sucking disc below, which is 
a circular calcareous ring. On the dorsal portion of the ambu- 
lacrum, the sucking disc and the calcareous ring suddenly vanish 
altogether, the feet becoming at the same time laterally flattened, 
pointed at their ends, and lobed or_ their flat sides. This arrange- 
ment, which would appear to be repeated in Asteropyga and 
Diaderna (from dried specimens), evidently affords a transition 
to the gall-like dorsal feet of the Spatangid~e. In Colobocentrus 
atralus, likewise, the feet undergo a metamorphosis from the 
ventral to the dorsal sides ; the suckers gradually disappear, and 
the feet take, upon the dorsal .,mrface, a fiat pointed form without 
lobes, very different from that in Eehinomelra. These feet con- 
tain two canals separated by a partition, but uniting with one 
another at the extremity, while at the base each is connected 
with one of the double pores. All previously mentioned sea- 
re'chins have the ordinary cutaneous gills at the anterior edge 
of the corona, like Echinus (Diadema and Astero2yga , also, if 
we may judge by the insections of the shell). They are absent 
in Cidaris, the ventral feet here being cylindrical with terminal 
suckers, while on the dorsum they are conical and not lobed. 

The oral feet of Cidaris form complete series upon the move- 
able buccal plates, which here, in a manner, repeat the corona, 
and may be divided into ambulacral buccal plates with double 
pores and inter-ambulacral buccal plates, the former of ,which 
remain double up to the nmuth, while the latter become ,simple 
at the furthermost extremity. 

The Spatamdi&e present far more numerous differences in the 
characters of the ambtflaeral feel Four general forms may be 
distinguished :--1. Simple locomotive feet, truncated or slightly 
rounded, without any special sucking disc. 2. Locomotive feet 
terminated by a sucker; this is either a large round disc notched 
at its edges and supported by radiating reticulated calcareous 
plates, or its edge is divided, star-like, into digitations, the 
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14 Prof. J. Miiller on the Structure of  the Echinoderms. 

calcareous plate dividing and sending a ray to each digitation. 
3. Tactile feet, whose expanded end is pcnicillate, being closely 
covered with stalked knobs; the stalks contain a simple calca- 
reous rod. 4. Gill-like feet, ambulacral gills; three-cornered 
laminm pointed at their ends and having their edges pectinated 
by processes or insections. Two or even three kinds of feet are 
disposed on the same radius in those portions of the ambulacra 
which are bounded by the semita. 

The import of the semitce of Philippi, the fascioles of Agassiz 
--structures peculiar to the Spatangidce has been hitherto un- 
known. They are distinguished fi'om other parts of the shell by 
bearing fine eiliated bristles instead of spines, the outer surface 
of which up to the soft, knobbed, outer extremity of the bristle 
exhibits a lively ciliary motion. The semitce are therefore ciliated 
fringes upon determinate are~e of the shell. (Archly 1853, p. 1.) 

In the genus Spatangus we meet with three kinds of feet; 
tactile, locomotive, and branchial feet, with regard to which I 
may refer to Duvernoy's beautiful figures. In all the ambulacra, 
those feet which are nearest the month, the oral tentacles, are 
covered at their extremities with clavate cirri ; the other ventral 
feet are locomotive without any cap of cirri. In the subanal area, 
on the other hand, that is, within the area circumscribed by 
the subanal semita, there are on each side three additional cir- 
rated feet which Duvernoy has overlooked. Delle Chiaje, on 
the contrary, has improperly given cirri to all the ventral feet in 
his figure of Brissus Scill~e. The subanal cirrated feet belong to 
the two posterior ambulacra and in fact, to the{r inner halves, so 
that the subanal semita passes between the internal and the 
external halves of the ambulacrum. The dorsal fcet of the four 
petaloid ambulacra are gill-like. The anterior radius has no 
ambulacral gills at all ; but the locomotive feet, preserving the 
same form, extend to its upper extremity; this radius is there- 
fore rightly distinguished by Duvernoy as radius locomotorius. 
The genus Spatangus possesses no semita upon the upper sur- 
face of its shell. In those genera which possess one, either cir- 
cumscribing the dorsal part of all the ambulacra, as in Brissopis, 
Schizaster, &c., or that of the anterior ambulacrum alone, with 
the apex (Amphidetus, &c.), I find a peculiar kind of feet in the 
upper part of the anterior radius also, i. e. locomotive feet, with 
discoid or stellate digitated suctorial plates. The figure of Brissus 
SciIl~e by Detle Chiaje, again, shows nothing of this dii~rence ; he 
even represents the cirrated oral feet extending along the anterior 
radius as far as the semita. I t  is improbable that Brissus should 
differ fi-om Brissopis, and the figure would appear to be in fault. 

In Brissopis and Schizaster the peripetalous semita divides 
the anterior radius transversely into two portions; the region 
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Prof. J. Miiller on the Structure of the Echinoderms. 15 

below the semita contains simple locomotive feet ; that above the 
semita, on the other hand, as far as the dorsal extremity, presents 
a sudden transition to feet provided with large suctorial discs, 
which are strengthened by radiating osseous plates. In the 
northern Schizaster fragilis these feet are disposed in simple 
series on each side of the ambulacrum ; in Schizaster canaliferus, 
however, they constitute a dense series on each side. The lower 
portion of the anterior radius, from the oral tentacles as far as 
the semita, contains in Schizaster only a small number (three) of 
simple locomotive feet at considerable distances from one another 
upon each side. 

In Amphidetus the peripetatous semita is absent ; the four 
conjugate ambulaera possess branchial feet in their dorsal por- 
tion, as is commonly the case among the Spatanyi&e. The 
internal dorsal semita which occurs in this genus divides the 
azygos radius into an anterior and a posterior part, and, enclosing 
the posterior part and the apex, it forms an area in which the 
azygos radius contains only large feet with stellate digitated 
extremities. On the contrary, the portion of the radius in front 
of the semita has simple locomotive feet without digitations. 
The digitations are supported by calcareous plates. The semita 
not only cuts off a portion of the anterior, but also a part of the 
fore" lateral ambu]acra; the portions of the conjugate ambulacra 
lying within the semita contain no branchial feet, but exceed- 
ingly small and readily overlooked cylindrical feelers, simple and 
rounded off at their extremities. The penicillate cirrated feet 
around the mouth in the five ambulacra present similar relations 
in all the Spatangi&e which I have examined, and all likewise 
possess subanal cirri. Brissopis has upon each side a series of 
six feet with cirri. In Sehizaster (canaliferus), where the subanal 
semita is absent, and a posterior semita branches off from the 
peripetalous semita and forms an arch under the anus, seven 
eirrated feet exist upon each side in a longitudinal series, at a 
considerable distance from the anus, in the posterior part of the 
ventral region of the shell ; not between the posterior semita and 
the anus, but in front of the posterior semita. The stems of 
the different feet, besides, contain transverse notched calcareous 
bands in their walls, which are absent in the branchial feet. 

The Clypeasteridce present the greatest deviations in the for- 
mation of their ambulaera. The feet of the double pores of the 
petaloid ambnlaera are gill-like; they are broad, depressed, 
lobulated, hollow projections between every pair of pores, and 
are distended by the large ampullae of the ambulacra. The 
locomotive feet, on the other hand, are cylindrical and exeeed- 
ingly delicate, so that in the Clypeaster they have a diameter of 
~m,  in Mellita only ~m.  They are extremely numerous, much 
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16 I)rof. J. Miillcr on the Struct.ure of the Echinoderms. 

more so than in the regular Sea-urchins, where their number 
amounts usually to about 2000, or in the Spatangidce, which 
possess only a few hundred ; in the Clypeasters the number of 
locomotive feet may, without fear of exaggeration, be estimated 
at many myriads. They are provided with a sucker at their 
extremities, which is either supported by a notched calcareous 
ring, as in the Clypeasters and their allies, or contains at least a 
couple of calcareous bodies, as in 3fellita, where at the base of 
the sucker we find in general two scale-beam-shaped (w~ige- 
balkenfSrmig) calcareous rods, with two long and one short 
process, lying opposite to one another. ~l~ellita hexapora, 
Agassiz. The locomotive feet extend for a greater or a less 
distance fl'om the ventral to the dorsal surface. Their distribu- 
tion upon the abdominal surface varies greatly, whence the Cly- 
peasters may be divided into two sections. In the first, the feet 
are not distributed over the whole of the ambulacral plates, but 
occupy separate branched passages in which the pores are aggre- 
gated, the pore-fascice. These fasciae are at first simple, then 
divide dichotomously or trichotomously (Eehinarae/mius)~ and 
their principal branches ramify again for the most part into 
lateral branches. Agassiz has already observed that these branches 
also pass on to the inter-ambulacral plates. To this section 
belong the genera Rotula, .~/Iellita, Eneope, Lobophora, Seuleila, 
Echinarachnius. In the other section of the Clypeasteridce, 
including the genera Clypeaster, Loganum, Araehnoides, Mou- 
linia, Seutellina, Echinocyamus, Fibularia, the pore-fascim are 
entirely absent. A few have, indeed, in the middle line of the 
ambulacra a simple groove, as Araehnoides, but it is known to 
be without pores. The distribution of the pores and feet in 
these genera has hitherto been unknown, but may be determined 
with certainty in the larger kinds. The pores and feet are scat- 
tered over the entire surface of the ambulacral plates ; and in Cly- 
peaster, but not in Arachnoides, they pass on to a considerable 
portion of the inter-ambulacral plates. These, therefore, are 
C[~peaslerid~e with poreoare~, in opposition to those with pore- 

fasciae. The division into Clypeasteridce with simple, and those 
with branched grooves, does not seize the real distinction. A 
few genera with pore-arece have the middle of the pore-area not 
even depressed, as Eehinoeyamus and Fibularia. In Layanum, 
indeed, the depression is half lost. 

Upon the dorsal side of the Clypeasterida~ we must distinguish, 
iu the petaloid ambulacra, the external area between every two 
series of double pores and the internal area. The former is 
always provided with ambulacral gills appertaining to the large 
double pores ; the latter in many genera, Clypeaster, Arachnoides, 
Eehinarachnius, is covered with the very small locomotive feet 
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Prof. J. Mfiller on the Structure of  rite Echinoderms. 17 

(together with pedicellariee and spines). When the petaloid am- 
bulacra terminate, their internal pore-area extends peripherally as 
far as the edge• In Clypeaster it again occupies a portion of the 
inter-ambulacral plates, while in Arachnoides it is excluded from 
them. The pores of the locomotive feet are most readily observed 
dpon the inner surface of the shell when this is naked; in the 
large Clypeasterid~ they may also be easily detected on the 
exterior with high magnifying powers, and still more readily in 
the pore-fascia of the other section, in which they are round and 
simple. In the Clypeasters, where the internal apertures of the 
locomotive pores are also simple, their external openings are 
elongated, usually figure-of-8-shaped, and not uncommonly 
divided into two distinct pores. In Clypeaster rosaceus these 
pores are ~r/r to j_. l  long, and O= tll broad 

V o . ~ 5  O o  " 
• pon the internal area of the petaioid ambulacra, the locomo- 

tive pores are arranged in such a manner, that their longitudinal 
diameter is directed radially, a disposition whmh they retain 
until close to the peripheral edge ; the lateral ones, howevel; in 
the peripheral portion of the shell have a somewhat oblique di- 
rection, and become more and more so the more external their 
position ; the direction of the axes of the pores in fact is from 
the periphery upwards and outwards. Upon the ventral sm'face of 
Clypeaster, the similarly constructed elongated pores are all dis- 
posed obliquely, viz. instead of taking a direction from the oral 
centre towards the periphery, they diverge from the middl line 
of the ambulacrum ; that is, if we produce the longitudinal axis of 
each single locomotive pore, it will cut obliquely the middle line 
of the ambulacrmn, and form an acute angle open towards the 
periphery. I t  is only towards the edge that the middle portion 
of the series becomes straighter. The lines of direction of the 
axes of the locomotive pores on the back are the continuation of 
the same lines of direction on the ventral surface. What are 
here denominated lines of direction of the axes of the pores must 
not be confounded with the lines upon which the pores are ar- 
ranged, for these in the Clypeasters are never disposed in series, 
but are scattered without order. On the other hand, in Arac/~- 
noides, the pores, as internally they are disposed in transverse 
series, so, externally, they are arranged in oblique parallel rows, 
whose parallelism is continued from the ventral to the dorsal 
side, and through the whole exteut of the petaloid ambulacra. 

In Echinarachnius parma, according to Agassiz, who has ex- 
amined the living animal, the locomotive feet are replaced by 
tentacles, which, without being connected with the ambulacral 
vessels, open through their ampullae into the abdominal cavity. 
The pores for these tubes are found in the petaloid ambulacra in 
regular rows internal to the great pores ; through these tubes he 

Hnn. &Mag. N. Hist. Ser. 2. Vol. xiii. 2 
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18 Prof. J. MiiUer on the Structure of the Echinoderms. 

supposes the water to have access to the interior of the shell 
(Comptes Rendns de l'Acad, des Sciences de Paris, t. xxv. 679). 
Hence we see that Agassiz was the first to observe these fine 
pores and their ampu]lm, but that he confounded the proper 
locomotive feet which are supplied from the ambulacral vessels 
with respiratory tentacles. Neither in this nor in other Sea- 
urchins are there any tubules which penetrate the shell to open 
into the interior of the abdominal cavity. The ampullae in 
question, in fact, are connected with the ambulacral vessels by 
their branches to the locomotive feet ; and similar ampullae exist 
also external to the petaloid ambulacra and upon the ventral sur- 
face, connected with the branches of the ambulacral vessels and 
corresponding with each locomotive pore. 

Relations of this kind appear to be prevalent among the Cly- 
peasteridce, and obtain, not only in Echinarachniusparma, for spe- 
cimens of which I am indebted to Prof. Eschricht, but in Cly- 
peaster and ~lrachnoides, as results from the examination of the 
specimens of Clypeasterplacunarius collected by Messrs. Ehren- 
berg and Hemprich, and in like manner in Clypeaster Rangi- 
anus, and in the specimens of Arachnoides placenta brought by 
Dr. Th. Philippi from Mergui. 

We may first examine the internal area of the petaloid ambu- 
]aera. The whole area from one marginal double series of large 
pores to the opposite double series of the petal is covered with 
small cylindrical locomotive feet, which have the same size and 
structure as the feet of the peripheral dorsal pore-are~, and as 
the feet of the ventral pore-area~. The investigation of the in- 
ternal surface of the shell throws further light upon the matter. 
The median ambulacral canal in Clypeaster Rangianus, Cl. pla. 
cunarius, Arachnoides placenta, Echinarachnius parma, supplies 
the ambulacrum with as many parallel lateral branches as there 
are double pores for the ambulacral gills ; each lateral branch in 
these is connected with the internal pore and with the large am- 
pulla of the gill-like foot. But before reaching the internal pore, 
an additional series of small c~cal ampullse, of exactly the same 
form as those of the peripheral dorsal and the ventral, locomotive 
feet, is attached to the lateral vessel. Each of these small am- 
pullae, of ~r l / long and ~r/i broad, corresponds with a very small 
aperture through which a twig of the transverse lateral vessel 
penetrates the shell and passes t~o the locomotive foot upon the 
external surface of the ambulacrum. In Clypeaster Ranyianus 
there are twenty pores and ampullm in one transverse row of 
half the ambulacrum in its broadest part, in Clypeaster rosaceus 
thirty, in Clypeaster placunarius ten, in Arachnoides placenta 
twenty, in Echinaraehnius parma fifteen. In Echinarachnius 
parma, whose ambulacral plates are similar, these locomotive pores 
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Prof. J. Miiller on the Structure of the Echinoderms. 19 

lie in the sutures : in Clypeaster and Arachnoides, where the am- 
bulacral plates are alternately dissimilar, so that the internal 
area of the ambulacrum is formed by the broad plates, the loco- 
motive pores are found in the plates themselves, so arranged, that 
either two transverse series of pores occur on one plate (C[ypeaster 
Rangianus and placunarius and Arachnoides placenta), or, as in 
Clypeaster rosaceus, foul' series of pores exist upon one ambu- 
]acral plate. In the former, therefore, every great ampulla of the 
branchial feet receives the lateral vessel of one series of pores and 
small ampullze; in the latter, two series of small pores correspond 
with every large pore. CIvpeaster rosaceus has (judging by a 
hasty examination) about 4000 of these fine locomotive pores 
within each petaloid ambulacrum, Cl. Rangianus about 1200, 
Cl. placunarius about 600. In Echinarachniusparma theirexternal 
apertures also lie in the sutures, and likewise in regular transverse 
series, which is rendered possible by the extreme minuteness 
of the tubercles upon the shell of this sea-urchin. In the Cly- 
peasters with large tubercles, on the other hand, the latter dis- 
turb the serial arrangement of the pores upon the external surface 
of the shell, and the apertures may rather be said to be scattered 
irregularly between the tubercles. 

In Clypeaster placunarius we meet with small calcareous spi- 
eula on the inner surface of each ambulacral plate between the 
series of pores : in U1. Rangiauus these spicula, which also abound 
over the rest of the internal surface of the shcl|, are arranged 
upon walls, into which the ambulacral plates are produced be- 
tween every two series of pores. In Clypeaster rosaceus the spi- 
cula are absent ; on the other hand, the walls of the ambulacral 
plates are raised up into septa, which are again united by a cal- 
careous covering, in which the sutures of the ambulacral plates 
are repeated. The petaloid ambnlacra, therefore, have double 
walls (like the dome of St. Peter's at Rome), the inner wall be- 
longing only to the locomotive area, not to the area of the large 
or branchial pores, whose ampullae are uncovered. Between the 
double walls in these Sea-urchins there are regular interseptal am- 
bulacral chambers, each of which contains four rows of locomotive 
pores. All the transverse chambers are, however, intersected by 
a longitudinal passage, open towards them, for the median ambu- 
]acral vessel. In the covering there are three longitudinal series 
of apertures, by which the ambulacral galleries are connected 
with the abdominal cavity. The middle series answers to the 
median gallery, the lateral ones to the transverse chambers ; the 
lateral apertures are intended for the passage of the ambulacral 
vessels to the large ampullm of the ambulacral gills. Since every 
chamber opens in the neighbourhood of two double pores, the 
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20 Prof. J. Miiller on the Structure of the Echinoderms. 

number of the lateral apertures in the galleries is exactly half 
that of the large double pores. 

At the peripheral part of the dorsal ambulacra as far as their 
edge, and over the whole ventral part of the ambulacra, the am- 
bulacral vessels in Clypeaster, Arachnoides and Echinarachnius, 
give off pennate branches to transverse series of pore% and are 
again provided with a corresponding number of ampullae. In 
Clypeaster Rang;anus about 100 transverse series of pores may 
be counted from the mouth to the peripheral edge ; on the back~ 
from the edge to the petaloid ambulacra, about 40 ; the number 
in a transverse series increases from the mouth to the edge and 
diminishes again, from the edge to the petaloid ambulacrum ; 
towards the edge there are 80-90 pores in one transverse series 
of the half-ambulacrum. 

The ambulacral vessels as they are distributed to the pores lie 
sometimes fl-ee, sometimes covered in ambulacral chambers. In  
Clypcaster scutiformis the series of pores are uncovered through 
the whole ambulacral area. but the ventral and dorsal portions of 
the shell are connected by numerous acicu]ar pillars; in Cly- 
peaster Rangianus, placunarius, and ,4rachnoides placenta, the 
series of pores lie for the most part free, but at the edge of the 
disc they are enclosed in chambers, which, however, are wholly or 
partially common to the abdominal and dorsal sides, inasmuch 
as the walls of separation connect the abdominal and dorsal 
parts of the shell. These parallel transverse'chambers, of which 
there are six in the Clypeasters in question, many (about twelve) 
in Arachnoides, are traversed by a median longitudinal canal 
which extends from the abdominal to the dorsal side. In this 
lies the median ambulaeral vessel, bending round from the 
abdominal part of the shell to the dorsal portion, and giving off, 
both in the ventral and in the dorsal part of its course, two 
transverse branches to each chamber, so that every marginal 
chamber has foul. vessels, two ventral and two dorsal, and as 
many series of pores. Clffpeaster rosaceus, with a ventricose pe- 
riphery, has no common dorso-ventral marginal chambers, but 
the entire ambnlacra lie between double walls, and the pennate 
branches of the ambulacral vessels and their series of pores 
are everywhere contained in ambulacral chambers or ducts. 
Between the two transverse series of chambers there is also a 
covered way for the trunk of the ambulacral vessel. In this 
])aedalian maze there are usually four chambers on every am- 
bulacral plate, and from the mouth to the peta]oid ambulacrum, 
on each side about fifty chambers; at their outer extremities 
they open into the abdominal cavity. Every chamber contains 
four series of pores, the number of pores in which is about 
80-90 in the broadest pm't of the ambulaeruna. The 2 x 50 
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chambers of the two halves of an ambulaerum may, in the space 
from the mouth  to the petaloid ambulacrum, contain about 
16,000 pores for the ambulacral  vessels" of the locomotive feet ; 
if we add to these the 4000 locomotive pores of the petaloid 
ambulacrum, we shall find that  Clypeaster rosaceus has in an en- 
t[re ambulacrum about 20,000, and in the five ambulacra together  
about 100,000 locomotive pores. About  15 are visible in an 
area of i m in diameter on the external surface. 

The interambulacral  plates between the petaloid ambulacra 
are dest i tute of pores. The other interambulacral  plates, on the  
other hand,  both  on the dorsal and on the ventral  surface, are 
porous ; the pores being so arranged that,  on the back, they are 
more dis t r ibuted upon the outer  port ion of the interambulacral  
plates, a poreless area remaining between the perforated are~e 
of any two ambulacra.  This poreless area takes up so much space 
on the dorsum of Clypeaster rosaceus, tha t  6 - 1 0  tubercles arise 
from it  transversely ; on the  ventral surface the perforated area~ 
approach so closely, that  only 2 - 3  tubercles s tand between 
them*.  

To the division of Clypeasteridte characterized by  ambulacra 
with double walls and parallel  ambulacral  chambers from the 
mouth to the apex, belong, besides Clypeaster rosaceus, many fos- 
sil Clypeasters whose sections I have examined, as Cl. altus and 
pyramidalist ,  and more par t icular ly  those h igh  Clypeasters,  
whose peripheral  par t  is not  flattened. On the other hand, flat- 
tened fossil forms, like Cl. scutelh~tus, M. de S., and its allies, 
present  nothing of this kind,  but  only marginal  chambers, so 
that  it  would be justifiable to separate those forms with double- 
walled ambutaera, under  the  name of Echinanthus (Leske), from 
the other Clypeasterid~e. 

* Klein's figure (tab. 29) of a section of Clypeaster rosaceus may for 
the present be sufficient to give an idea of the regular succession of cham- 
bers, and of the double walls of the ambulacra. 

t There is a Clypeaste~ in the collection of the Gesellsehaft ~aturfo~'sch. 
Freunde with a very high crown similar to the high varieties of Cl. altus, but 
differing totally from it by the breadth of the interambulacral areze between 
the ambulacra petaloidea, as compared with the ambulacra themselves. 
The interambulaeral area is for half its length, and as far as the upper half 
of the length of the petaloid ambulacra, about as wide as the internal area 
of the latter at the same height, ~:ad about four times as broad as the di- 
stance between two corresponding pores ; beyond the upper half of the 
petaloid ambulacra the interambulacral area is broader than their internal 
area. In all varieties of Cl. altus, to which also the species distinguished by 
Philippi appear to belong, the interambulacral area between the ambulacral 
petals is very narrow. The pecuharity of Cl. pyramidalis may be as di- 
stinctly recognised in transverse sections by the high median and transverse 
ridges upon the internal coat of the petaloid ambulacra, the median ridges 
being united like buttresses with the ventral wall. The Scutella pyramidalis, 
badly figured by Risso, would appear to belong here. 
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22 Prof. J. Miiller on the Structure of the Echinoderms. 

Laganum Bonanni has only two marginal chambers common 
to the dorsal and ventral walls. The pore-are~e on the outer 
surface of the shell resemble those of the Clypeasters ; only every 
ambulacral plate has its peculiar pore-area, narrow poreless bands 
intervening between them. On the internal surface of the 
shell every ambulacral plate presents an especial pore-area, whose 
pores are not disposed in many transverse series ; in the mar- 
ginal chambers we meet with many parallel series of pores. The 
dorsal surl'aee of the shell also presents certain peculiarities; 
small pores are perceptible upon the internal surface of the pe- 
taloid ambulacra, which spread out upon the peripheral portion 
of the back ; and the interambulacral are~e also, bet~veen these, 
contain similar fine pores upon those portions of the interambu- 
lacl;al plates which are contiguous to the large branchial double 
pores, where, in other cases, locomotive pores are never found : 
specimens preserved in spirit should be examined with regard to 
this point. 

I now pass to the Clypeasteri&e with ventral pore-fasciae. The 
internal area of the petaloid ambulacra presents the same rela- 
tion in Echinarachnius as in the Clypeasters and Arachnoides, 
and it would therefore seem, at first, as if this character were uni- 
versal in the entire family of Clypeasterid~. However, in spirit 
specimens of Mellita quinquepora and hexapora, and Lobophora 
bifissa, for which I am indebted to MM. Krantz, Eschricht, and 
Steenstrup, I have been unable to find either the small ampullm or 
feet on the lateral branches of the ambulacral vessel in the peta- 
loid ambulacrum. The peripheral dorsal part of the ambulacra 
is always present. Not far distant from the edge, the ambulacral 
vessel of Mellita quinquepora forms a pennate ramification on 
the imperforate anterior radius. These curved parallel branches 
lie in canals of the shell, which are here and there connected 
with other sinuses of the shell. I have also persuaded myself of 
the presence of feet upon the peripheral part of the dorsal shell 
of Mellita. 

In Echinarachnius parma the ambulacral galleries are absent, 
and we find only transversely perforated partitions and rafters 
between the dorsal and ventral walls at the periphery of the disc, 
constituting imperfect marginal chambers. On the ventral part 
of the ambulacrum of Echinarachnius, we observe from the mouth 
to the peripheral galleries, on the inner surface of the shell, 
many short pennate branches with appended ampullae. I t  is 
from these therefore that the pores of the median pore-fascim 
must be supplied. In correspondence with the lateral branches 
of the fascia externally, there run internally long permute 
branches of the ambulacral vessel provided with many ampullm. 
The further ramifications take place in the peripheral galleries. 
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In the genera Mellita, Lobophora and Encope, the lateral twigs 
of the ambulacral vessel become immediately hidden in a super- 
ficial labyrinth of fine canals in the shell, which form ambulacral 
galleries, and are here and there connected with deeper sinuses 
open towards the abdominal cavity. 

In these genera the pore-fasciae, at a short distance from the 
mouth, divaricate in consequence of their dichotomous divisions 
from the middle of the ambulacrum, in which the trunk of the 
ambulacral vessel lies. No branches of the ambu]acral vessel 
follow the com'se of the two principal branches of the pore-fasciae, 
but the pores of these two large pore-fasciae are supplied by vas- 
cular twigs, which are directed transversely to them, and partly 
arise directly from the median ambulacral trunk, partly have a 
pennate origin from branches of the latter. But all these twigs 
of the ambulacral vessels run in narrow ambulacral galleries, 
which occasionally anastomose and give off transverse offsets in 
close succession which meet the lateral ambulacral fasciae, and 
then penetrate in part transversely, in part obliquely, to their 
pores. From this source then the pores receive their twigs. In 
Mellita quinquepora I could follow out the branches of the am- 
bulacral vessels from the trunk into the galleries, to theil very ulti- 
mate ramuscules. In this manner also the many secondary 
branches of the pore-fascim are supplied. But, I repeat, the ra- 
mifications of the pore-fascim and those of the branches of the 
ambulacral vessels are totally different. 

The ambulacral galleries of Mellita, Lobophora and Encope 
occupy a thin superficial layer of the shell and are distinguished, 
by the narrowness of the canals, from the other deeper sinuses of 
the shell common in this genus. 

I am unable to confirm the statement that c~ecal processes of 
the intestine lie in these sinuses in Mellita quinquepora and other 
Clypeasteri&e. In the former species, as well as in Mellita hexa- 

pora, in Lobophora, Clypeaster, and, in fact, in all the genera 
which I have examined, the intestine has no c~eca, and passes by 
the sinuses and apertures of the ambulacral chambers without 
giving off any processes whatever, accompanied at its outer edge 
by a great vessel, as in the regular Sea-urchins, and fastened by 
a mesentery. In Mellita and Lobophora a portion of the Iobules 
of the sexual organs passes into the sinuses of the shell. 

The innumerable muscular organs, subject to voluntary con- 
trol, on the back of the shell of a Sea-urchin, such as the 
suckers, pedicellarim, and the muscles of the spines, receive 
their nerves from the ambulacral nervous trunk lying in the in- 
terior of the shell, whose branches accompany the branches of 
the ambulacra] vessel. The nervous trunks of the five ambutaera, 
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united around the mouth by a nervous ring, form the larger por- 
tion of the nervous system, and inasmuch as they become more 
slender towards both ends of the ambalacrum and far surpass 
the nervous ring of the oral aperture in diameter, these ambu- 
lacral nervous trunks might be regarded as ambulacral cerebra, 
whose unity of action is provided for by the nervous ring. It  is 
this ring which is cut through in the Synapt~, when we divide 
the head longitudinally upon one side, and so deprive them of 
the power of breaking themselves up. 

[To be continued.] 

I I . - -On  a new species of Tanager in the British Museum. 
By PHILIP LUTLEY SCLAT~, M.A. 

THaovsn  the kindness of Mr. G. R. Gray I have had an oppor- 
tmfity of examining an apparently new species of Tanager lately 
acquired by the ]~ritish Museum. It  is nearly allied to the 
Saltator rubicus of Vieillot, which is the type of the genus P/~te- 
nieothraupis, Cabanis. But I agree with Dr. Cabanis that the 
proper place of this bird is nearer Pyranga and Tachyphonus than 
Saltator, with which it is often classed, and I think we may with 
propriety adopt the new generic name Dr. Cabanis has coined 
for it, and station it intermediately to the two former genera. 
My new bird will be the third of the genus, if we admit the 
claims of the Mexican variety named rubicoides by De la Fresnaye 
to be a true species. A specimen of this latter bird from Gua- 
timala in my collection differs little in size from the southern 
race, although varying slightly in the conformation of the bill 
and rosy tint of the under plumage, as that accurate naturalist 
has remarked. 

I possess a second local variety of this species fl'om the island 
of Trinidad. I t  is smaller, and has the throat, belly and crissum 
of a rosy tint like the rubicoides ; but i should be unwilling to 
separate it specifically without seeing more specimens. 

The three species of the genus P/t~icothraupis will therefore 
stand as follows : - -  

Sp. 1. Pn~N1CO~n~A~:~Is R~BICX (V.). 

Saltator rubieus, ¥iefll. Nov. Diet. xiv. 107. 
Tanagraflammieeps, Temm. P]. Co]. 177. 
~ porpl, yrio, Licht. Verz. d. Donbl. p. 31. 
Pyranya rubica, D'Orb. Voy. p. 265. 
PIwenicolhraupis rubica, Cab. M. H. p. 24. 

I-lab. in Brazilia (Max.), Bolivia (D'Orb.), Paraguaya (Azara). 
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